Mass of Nutrient and Chlorophyll Over the Outer Shelf
The observations just presented show elevated nutrient and chlorophyll concentrations over the outer shelf. The change in these concentrations was quantified using data from stations G07, G09, G10, Gll, and G12 (Figure 1 and Table 1 The trends in Figure 8 show an overall rise in nutrients during the sampling period that was interrupted by two times of decrease, one small and one large. The overall rise suggests there was a continuous input of nutrients into the observation area, which agrees with cur- Comparing the molar ratios of the nutrient concentrations reveals something of the processes occurring. Under normal circumstances, newly upwelled water at the shelf edge should have an N:P ratio of 16:1. Table 2 shows that the ratio was in the three following ranges: near zero, 3 -10, and > 600. First, we note that the nutrient concentrations being divided are quite small, and we are at the lower end of concentrations, where the relationship could be expected to hold. The very high ratios are not significant since the values are in the analytical noise level. Nevertheless, the ratio was near 16:1 during the times of presumed influx of new water containing nutrients. That the ratio was less than 16:1 indicates the water was not "pure," but some regeneration of P had occurred. The high value on January 24 may represent limiting P; some N still remains after phytoplankton growth. In summary, the N:P molar on the GALE section is due to along-isobath advection of water parcels containing varying levels of chlorophyll . Thus the productivity rate can be calculated as follows: The increase in chlorophyll was 360 g over the 1.8 day period in the 940,000 m s vohlme. By assuming a conservative 100:1 (by weight) carbon to chlorophyll ratio, the carbon increase would be 36,000 g C, or an estimated areal production of 300 g C m -2 yr -•, a high rate of productivity characteristic of estuarine or highly productive shelf areas [Platt and Sathyendranath, 1988] . This yearly rate is calculated only to provide a frame of reference since the value is only based on a short-timescale episode. See Figure 3a -3d for data from the sections. Date refers to decimal day in 1986 representing the midpoint of time when data were taken. Phosphate, nitrate, and silicate values are moles in the cross-shelf section (see Table I 
Discussion

Conclusions
The observations presented in this paper show sporadic nutrient transport into outer shelf waters off Charleston, South Carolina, from the Gulf Stream during the winter. The nutrient levels may result from deep mixing during winter storms, together with wind-and eddy-induced upwelling. The amounts moved into shelf waters by wind events are similar in magnitude to those observed during the passage of frontal eddies in the spring and intrusions during the summer. This suggests that onshore nutrient transport can occur during all seasons. The onshore flow may be either during one event, wind or frontal eddy, or over a whole season. Regardless, the outer shelf ecosystem receives new nitrogen. Since the frequency of the transport process is partly at the wind scale, there will be considerable interannual variability. The importance of these observations is that significant biological production can occur during the winter in these temperate shelf waters.
Since this is a time some fish species spawn over the outer shelf, we must better understand the dominant physical processes as well as the biological response.
